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Abstract 

Using an elementary perturbative open string field theory solution involving a twistor- 
like parameter, we study the cohomology of new nilpotent BRST charge corresponding to 
the space-time background defined by this solution. The BRST cohomology of the de¬ 
formed background automatically cuts oh the GSO-odd spectrum in RNS superstring 
theory and keeps the GSO-even spectrum intact, without a need of GSO-projection. The 
on-shell constraints in the GSO-even sector get deformed in the new background, cor¬ 
responding to BRST type transformations of the low-energy ehective action w ith the 
ghost-like commuting spinor parameter satisfying the pure spinor constraint in d = 10. 
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1. Introduction 


One well-known property of the Ramond-Neven-Schwarz snperstring theory [|T|, 0 is 
the need to implement the GSO-projection , in order to eliminate the tachyon from the 
spectrum (along with other states which, while being in the BRST cohomology, behave 
in an unnatural way in terms of the spin-statistics properties). This , in a sense, raises 
a problem because the physical states of snperstring theory are most naturally dehned in 
terms of the BRST cohomology (incripting all the gauge-theoretic properties of the model), 
while the GSO-projection is essentially an artihcial operation, implemented by hands in 
order to exclude the unwanted snperstring excitation modes. Moreover, this operation 
breaks the BRST cohomology of the RNS model into two subsectors, GSO even and GSO 
odd which are not completely independent or separable. Indeed, the on-shell operator 
product of two arbitrary GSO-even vertex operators doesn’t contain GSO-odd operators, 
making the GSO-even part formally “insulate”. The inverse, however, is generally not true, 
and this is why in RNS snperstring theory, even with the GSO-projection implemented, 
the Veneziano amplitutes of all even states would generally get contributions from the odd 
sector, such as tachyonic poles. 

On the other hand, the presence of the GSO-odd states in the BRST cohomology and 
in the amplitudes is the property of flat space-time background which does not necessarily 
extend to other target space backgrounds with different cohomologies. One particularly 
convenient and efficient tools to explore the BRST cohomologies in various backgrounds 
is string held theory with the equations of motion |^, 0: 

= 0 ( 1 ) 

which is background-independent by construction. That is, assume To is a solution of the 
equation (1). Then the form of (1) is invariant under the shift 

-> § = T -F To (2) 

with the simultaneous shift of the BRST charge Q ^ Q , so that = 0 and the 

new nilpotent charge Q dehned according to 

+ T ★ To (3) 

for any T. Then the new BRST charge Q dehnes the new cohomology, diherent from that 
of the original charge Q, corresponding to string theory in a new background, depending on 
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the structure of tE'o- The advantage of this approach is that, in principle, it allows to explore 
the string theory in new geometrical backgrounds (e.g. in a curved geometry, such as AdS) 
while technically using the operator products of the old string theory (say, in originally 
flat background) for the vertex operates in the new BRST cohomology, dehned by Q. In 
this letter we consider an example of an elementary open SFT solution describing simple 
perturbative background deformation and eliminating the odd sector from the cohomology. 
The deformation is parametrized by a commuting spinor parameter which has to satisfy 
the pure spinor constraints in order to ensure the nilpotence of the BRST charge. The 
deformation of the cohomology resnlts in eliminating the GSO-odd operators from the 
spectrnm and in some modihcations of the on-shell constraints for the space-time helds 
mnltiplied by the appropriate vertex operators in the GSO-even sector. In terms of the low- 
energy effective action in space-time, this particnlarly corresponds to deforming the space- 
time fermions by the ghost-type bosonic pnre spinor variables (BRST-type transformation). 
In the rest of the note, we shall describe this background deformation and analyze the 
cohomology change, leading to the GSO-free snperstring with the modihed even sector. 

2. Elementary OSFT Solution and Cohomology Change 
In onr recent previons work 0 we particnlarly pointed ont a class of the elemen¬ 
tary OSFT solntions describing pertnrbative backgronnd deformations. Namely, Let 
Vi{z,p){i — 1,...) be the set of all physical vertex operators in string theory in the co¬ 
homology of the original BRST charge Q (primary helds of ghost nnmber 1 and conformal 
dimension 0) and A*(p) are the corresponding space-time helds (where p is the momentum 
in space-time and we snppress the space-time indices for the brevity). Then the string 
held 

= (4) 

i 

is the solntion of (1) provided that the zero /3-fnnction conditions: 

/5a^ - 0 (5) 

are imposed on the space-time helds in the leading order of the perturbation theory. The 
related BRST charge deformation is then 

Q ^ Q = Q ^ ^ (6) 
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with Q acting on string fields according to the prescription (3), which details we shall also 
discnss below. One particnlarly simple OSFT solntion, relevant to onr discnssion is 

^0 = + Bmce-^^ (7) 


where (j) is the bosonized snperconformal ghost field, E“ [a = 1,...,16) is the 16- 
component spin operator for the matter RNS fermions and are some parame¬ 

ters which, for simplicity, are considered constant in this work (nnless specified other¬ 
wise). The 16-component spin operator is defined in the standard way. That is, take 
10 RNS fermions — 1,..., 10), nse them to make 5 complex fermions according to 

+ *' 02 , •••, As = 09 -|- i 0 io and bosonize as 

A, = 

( 8 ) 

^ = 1, ...,5 


Define the 32-component spin operator according to 


Set — ex 


1 ^ 


i=l 


(9) 


with a = 1, ...,32 corresponding any of 32 possible ±-combinations. This 32-component, 
operator can, in tnrn, be decomposed into two 16-component operators S' = E © E with 
Eq,(q; = 1,..., 16) corresponding to 16 ±-confignrations with even nnmber of +’s and Eq, 
corresponding to 16 ±-confignrations with odd nnmber of +’s. Snch a decomposition can, 
of conrse, be viewed as a split of the spin operator S into GSO-even and odd components, 
however, note that the string field Tq of (7) is the solntion of the OSFT eqnations of 
motion, invariant nnder the change E —)■ E, bearing no reference to the GSO-projection. 
For the sake of certainty we shall concentrate on the SFT solntion (7) involving the spin 
operator E with the even nnmber of the ©-components. Fnrthermore, for onr pnrposes 
we shall mostly ignore the spin 1 component of the solntion, concentrating on the spin i. 
First of all, we shall specify the related deformation of the BRST charge. Again, for onr 
pnrposes it is snfficient to limit onrselves to string fields constrained to combinations of 
the on-shell operators, i.e. the dimension 0 primaries. Using (9), it is straightforward to 
check that the nilpotence of the new BRST charge: 


<5 = Q + eaCe-^‘^E“ 


( 10 ) 
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implying 


( 11 ) 


= Q^ + ce“5'/>E“) 




requires the constraint 

^a'^/3[ce“^'^E“*ce“5<^E^ ★ = 0 (12) 

for some string field \1/. This constraint requires the vanishing of the worldsheet correlators 


= ^ 0^/3 « hofl o vl/(0)ho/| o (ce-^^E“)(0)ho/| o (ce-^^E/')(0) » 
where the conformal transformations 

2in(k-l) 1 -iz ,2 
fi(z) ^ e 3 (-- _)3 

k = 1,2,3 


(13) 


(14) 


map the string helds living on three separate worldsheets to three wedges of a single disc, 
while the transformation 


h{z) 


l-z 
‘1 + z 


further maps this disc to the halfplane (e.g. see 0 for explanations on the star product 
details in SFT). Although the action of the conformal transformations (14) is complicated 
for generic T, it acts trivially on dimension 0 on-shell primaries in the three-point correla¬ 
tor, simply shifting them from 0 to the points \/3, 0, —\/3 respectively. Therefore the value 
of this correlator is given simply by the structure constant in front of the (z — w)'^-term 
in the operator prodoct of ^aCe~^'^E^(z) with itself at w. The operator product is easily 
evaluated as 

~ (z - wfCla/ 3 ^'^9cce~'^'ijjm + 0{z - w) (15) 
so the vanishing of the star product (13) to ensure the nilpotence of Q requires 


^ 7 "^^ = 0 


( 16 ) 


i.e. the pure spinor constraint on Note that the similar constraint could have been 
obtained by requiring the nilpotence of the charge: 




( 17 ) 
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with the second term in (17) being strnctnally reminiscent the BRST sharge ~ § \^da 
with the Green-Schwarz variable da corresponding to the space-time snpercnrrent at pic- 
tnre — ^ There is some snbtlety here. The operator j dze~^^T,°‘{z) is known to be the 
operator of the space-time charge. This operator is an anticommnting space-time spinor. 
The anticommntation property can be easily seen from analyzing the midpoint OPE of the 
integrand with itself which only contains the odd powers of z — w. On the other hand, the 
corresponding nnintegrated operator, ce~^^'E°‘{z), is a commuting space-time spinor since 
its midpoint OPE only contains the even powers of z — w. (note that the nnintegrated oper¬ 
ator is, strictly speaking, not related to the space-time snpercharge, as its OPE with itself 
does not contain a momentnm generator). In the on-shell string theory this spin-statistics 
change is not of signihcance, since the nnintegrated and integrated vertices are related by 
the b — c pictnre-changing transformation, dehned by the nonlocal BRST-invariant oper¬ 
ator Z = b6{T) where T is the fnll matter-1-ghost worldsheet stress-energy tensor. The 
Z-operator , particnlarly mapping nnintegrated on-shell vertex operators into integrated 
ones, is the b — c analogne of the nsnal pictnre-changing operator for the /9 —7 system and, 
being an anticommnting fermion of conformal dimension 0, twists the spin-statistics, when 
applied to the on-shell operators. In string held theory, however, the Z-transformation 
becomes ill-dehned and it is essential that the star prodnct operates with the nnintegrated 
vertices only. For this reason, it is essential that the ^Q,-parameter in the deformed BRST 
charge (10) is a commuting space-time spinor, i.e. a twistor-like parameter. The nilpo- 
tence of the BRST charge thns entails the pnre spinor constraint (17) on this parameter. 
The essential property of the deformation (10) of the BRST charge is that it eliminates all 
the GSO-odd modes from the spectrnm since the OPE of the deformation term with any 
GSO-odd operator contains a branch point. For example, for the tachyon one gets 

: : (z) : {p'ip)e^^^ : (w) ~ Vz — (w) (18) 

and similarly for any other GSO-odd operator. For the GSO-even sector, the deformation 
preserves analiticity, however, the on-shell BRST-invariance constraints are modihed in 
the new cohomology. Gonsider the operator for the snpermnltiplet inclnding the photon: 

V„H = A,„{p) X iddX’^ + iipd)dn + 

^ ( 19 ) 

+'u«(p)ce-5'/'E“e*P^ 
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where Am{p) is the photon’s polarization vector and Uct{p) is the commnting space-time 
spinor and calcnlate its commntator with the modihed BRST charge (10). Note that, al- 
thongh this operator appears to have an nncertain spin-statistics, with the hrst term being 
odd and the second even, this nncertainty is merely the artefact of onr h — c pictnre choice 
(with the both of the operators being at nnintegrated pictnre). Indeed, all the NS opera¬ 
tors are even at the integrated pictnre and odd at the nnintegrated one, while the Ramond 
operators are odd at the integrated pictnre and even at the nnintegrated one. Therefore 
the spin-statistics of the operator (19) can be made certain (even) by a pictnre-changing 
transformation, bringing the hrst term to the integrated pictnre, and leaving the second 
nnintegrated. Changing the b — c pictnres of the operators also entailes switching from anti- 
commntators to commntators (or vice versa) in the commntation relations with the BRST 
charge. In particnlar, with the pictnre choice in (19) this implies the anticommntation of 
Q with the hrst term and the commntation with the second. 

Straightforward calcnlation nsing (10), (11) gives: 

{Q, V„M\ = dcce-*,lj^e'’’^(p^A"‘(p) + + dcce-i*e‘’’^S‘‘(p'-‘u^ + 

(pA(p)) 

( 20 ) 

with F^ri = P[mAn] (p) and the BRST-invariance imposing the on-shell constraints: 

( 21 ) 

+ C^Am) = 0 

with the Lorenz gange condition 

pA{p) = 0 (22) 

Here the {] symbol stands for the anticommntator of the BRST with the hrst term and 
the commntator with the second, as explained above. Note that the {[-operation ensnres 
that the on-shell constraints (20) have the dehnite (even) spin-statistics. 

The remaining constraint: 


P'«a+e^7™^mn=0 (23) 

simply follows from the second eqnation in (21) modnlo the gange condition). The 
eqnations (21), (22) are eqnivalent to the the Enler-Lagrange eqnations for the low-energy 
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effective action in the position space: 


S = J + J^piu^dmU^ix) + CDmuf^)} 

Dm ~ dm “ 1 “ -^m 


(24) 


If ^ is a pnre spinor parameter (also satisfying the on-shell Dirac constraint), the action 
(24) is gauge-invariant and can be obtained from the standard QED by the BRST-type 
transformation Mq, —)■ Mq, -t- with playi^g the role of the ghost-like variable. Note 
that this is formally reminiscent of the BRST transformation 69a. = in the pure spinor 

0 ] 


formalism 


where 9 is the Green-Schwarz variable 


The cohomology of Q is 


thus GSO-projected by construction, just like in Green-Schwarz or pure spinor formalisms. 
However, the cohomology change due to the deformation of the BRST charge in the RNS 
formalism is that Ramond and NS sectors are no longer separable. That is, in order 
to obtain a physically meaningful low-energy limit, in the new cohomology the physical 
operators always have to combine NS and Ramond pieces. For example, if one considers 
a photon operator ~ {c{dX'^ -t- of the old cohomology, without 

adding the Ramond piece, its commutator with Q would lead to extra constraint Fmn = 0 
which would ruin all the physical content. In other words, in the new cohomology the 
physical operators have a form, manifestly consistent with the space-time supersymmetry. 

Conclusion 

In this note we have considered the deformation of the BRST charge by the Ramond 
current, consistent with elementary solution in open superstring held theory. The defor¬ 
mation is parametrized by the commuting spinor ^a (which, for simplicity, we considered 
constant in this work, however, it is in general sufficient that it satishes the Dirac on-shell 
constraint). The nilpotence of the new BRST charge imposes the pure spinor constraint on 
the deformation parameter, and the cohomology of the new BRST charge automatically 
cuts off the GSO-odd sector of superstring theory, effectively making the RNS formal¬ 
ism GSO-free, on equal footing with Green-Schwarz or pure spinor formalisms. In the 
new cohomology, NS and Ramond sectors essentially get intertwined, with the physical 
operators mixing the NS and Ramond ingredients (unlike the original BRST cohomology 
where these ingredients can be separated). It is known that the GSO-projections, while 
formally eliminating the tachyon and other odd states from the spectrum, still cannot 
eliminate the tachyonic poles and the poles from other odd states from the amplitudes. It 
is natural to expect that the scattering amplitudes of the vertex operators from the new 


7 




cohomology should have the tachyonic and GSO-odd related poles eliminated from their 
structure. Roughly speaking, the cancellation should occur as a result of the contributions 
from the NS and Ramoind ingredients of the operators. In the present note, we basically 
didn’t concentrate on the mutual normalizations of the NS and Ramond parts, choosing 
it arbitrarily by hands in (19). Such a normalization, however, must be signihcant for the 
cancellation of the poles from the GSO-odd sector and must be hxed in the process of 
calculating some concrete scattering amplitudes. This shouldn’t be a hard calculation and 
we hope to demonstrate it soon explicitly in the future work. 
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